During acute occlusion of an epicardial vessel collaterals preserve the microvascular perfusion and limit the extent of myocardial damage. Pressure-derived collateral flow index (CFIp) assessed by intracoronary pressure measurement allow us to quantify collateral vessel development. The angiographic myocardial blush (MB) scores, based on the contrast dye density and washout in the infarcted myocardium, provide important information about microvascular perfusion after acute myocardial infarction (AMI). In this study we assessed the microvascular perfusion with MB and studied the relation between CFIp in patients with AMI who treated with thrombolytic therapy and TIMI grade III flow restored in the infarct related artery (IRA).
tion (AMI). [1] [2] [3] As an alternative source of blood supply to myocardium jeopardized by abruptly occluded vessels, the collateral vessels have potential in preserving microvascular perfusion and limiting the extent of myocardial damage. However, the functional significance of collateral circulation in myocardial infarction has been a matter of debate. [4] [5] [6] Several studies have reported that the intracoronary pressure measurements with a pressure wire allow us to assess collateral func-tion. [7] [8] [9] Pressure derived collateral flow index (CFIp) is hypothesized to increases with an increase in collateral flow. Microvascular integrity after AMI can be evaluated by different techniques. The angiographic myocardial blush (MB) score, based on the contrast dye density and washout in the infarcted myocardium, provides important information about microvascular perfusion. Myocardial contrast echocardiography, 10) scintigraphy, 2) and positron emission tomography 3) are considered the most effective techniques for assessing microvascular integrity; however, angiographic MB scoring is a simple tool that correlates significantly with tissue level perfusion after recanalization of the infarct-related artery (IRA). 11, 12) In this study, we assessed microvascular integrity with MB and studied the relation between CFIp in patients with AMI who were treated with thrombolytic therapy and TIMI grade III flow restored in the IRA.
METHODS
Study population: We prospectively studied 41 consecutive patients who presented with their first AMI who referred to our institution between December 1999 and September 2001, and who met the following criteria:1) treated with thrombolytic therapy within 6 hours of symptom onset; 2) TIMI grade III flow in the IRA at the coronary angiography; and 3) undergoing stent implantation to the IRA. Patients who had more than one stenotic lesion in IRA were excluded. Written informed consent was obtained from all patients, and study protocol was approved by our institutional review board. Intracoronary pressure measurements and angiographic analysis: Cardiac catheterization was performed mean of 3 days after AMI. Left and right coronary angiography and left ventriculography were performed in all patients. TIMI flow grades were assessed as previously described. 13) Angiographic collateral grades were determined by two observers according to Rentrop's classification. After angiography, fiberoptic pressure monitoring guide wire (pressure wire, 0.014 inch, Radi Medical Systems, Sweden) was set at zero, calibrated and advanced through the guiding catheter and positioned distal to the stenosis to be dilated. The same wire was used as a guide wire for the angioplasty catheter. Proximal aortic (Pa), distal (Pd), and central venous (Pv) pressures were recorded simulta-Vol 44 No 6 neously. Adenosine was the hyperemic agent used and was given doses of 20 µg intracoronary bolus for left system and 15 µg for right coronary and repeated if necessary. Myocardial fractional flow reserve (FFRmyo) was calculated under adenosine hyperemia as the ratio of mean P d minus P v to mean P a minus P v . During the stent implantation procedure, when total occlusion was achieved with balloon occlusion, distal pressure obtained from the pressure wire was recorded as coronary wedge pressure (CWP: mmHg). CFIp (unitless) was calculated as the ratio of simultaneously measured CWP -P v to mean P a -P v . Myocardial blush was graded densitometrically based on visual assessment of relative contrast opacification of myocardial territory subtended by the infarct vessel in relation to epicardial density as described by van't Hoff, et al. 11) Blush score 0 = absence of contrast opacification in the myocardial infarct zone or persistent stain without washout; blush 1= minimal contrast opacification; blush 2 = reduced but clearly evident blush in the infarct zone compared to the ipsilateral or contralateral noninvolved epicardial vessel(s), and blush 3 = myocardial contrast filling equal to or greater than that seen in the noninvolved epicardial vessel(s). From multiple orthogonal projections, the single view that best isolated the myocardial infarct zone in question was chosen, most commonly the right anterior oblique (RAO) projection with cranial angulation for the left anterior descending artery (LAD) distribution, the RAO caudal or left lateral projection for the left circumflex artery (LCX), and either the left anterior oblique or RAO projections for the right coronary artery (RCA) distribution. For this analysis, blush grades were scored by two angiographers blinded to intracoronary pressure data. Inter-and intraobserver variability were determined from a random sample of 21 films scored by both reviewers (Table I .) Statistical analysis: Statistical analysis was performed using SPSS 10.0 for Windows. Data are expressed as mean ± SD. A P value < 0.05 was considered statistically significant. Differences between groups were evaluated by chi-square analysis for categorical variables and Student's t test for continuous variables. Pearson correlation analysis was used to investigate the relationships between variables. 
RESULTS
The baseline clinical and angiographic characteristics are listed in Table II . All of the patients had TIMI grade III flow in IRA. Most of the culprit lesions were located in the mid segment of the coronary arteries. LAD was the most common culprit vessel. The CFIp and myocardial blush grades: The interobserver (85% agreement) and intraobserver (90% agreement) variability of the myocardial blush grades was good (Table I) . Although TIMI III flow was restored in all patients after thrombolysis, normal myocardial perfusion following intervention as evidenced by a blush score of 3 was present in only 9 patients (21%) (Figure 1 ). There was a statistically significant correlation between CFIp and postintervention (PCI) myocardial blush grades implying that a higher CFIp is associated with better MB (P < 0.01, r = 0.70) (Figure 2 ). Basal and hyperemic mean aortic pressures (Pa) were not changed after PCI. After revascularization, both basal (from 69.4 ± 9.6 mmHg to 85.4 ± 6.7 mmHg, P < 0.001) and hyperemic (from 52.5 ± 8.4 mmHg to 80.2 ± 7.6 mmHg, P < 0.001) mean distal pressures (Pd) increased significantly. Poststent mean FFRmyo increased by significantly from 0.65 ± 0.12 to 0.90 ± 0.11, P < 0.001 (Table III) . Mean aortic pressure were comparable in all myocardial blush grades (91.3 ± 11.4 in grade 0, 94.7 ± 10.5 in grade 1, 92.4 ± 14.4 in grade 2, and 95.3 ± 12.1 in grade 3, P: NS). There was a significant dif- ference in mean CFIp among myocardial blush grades (0.39 ± 0.11 in grade 3, 0.32 ± 0.10 in grade 2, 0.24 ± 0.09 in grade 1 and 0.16 ± 0.08 in grade 0, P < 0.01) ( Figure 2) . Thus, the elevation of mean CWP seems to explains the increase in CFIp in patients with better MB.
DISCUSSION
This is the first study demonstrating that there is a good relationship between MB and CFIp. We confirmed that efficient collateral blood flow to the infarct region was related to improved microvascular perfusion as evidenced by higher MB.
Several studies indicate that the main determinant of the prognosis in patients with AMI is the microvascular reperfusion of the infarct zone. 10, 14, 15) The angiographic MB score is a simple marker of myocardial reperfusion and correlates with LV functional recovery and mortality independently from TIMI grade flow. 11, 12) van't Hof, et al. 11) showed a distinct relation between TIMI flow, ΣST resolution, and MB grades, as well as between MB grades, infarct size, and left ventricular ejection fraction. It has also been validated in another study that STsegment resolution, which is a simple tool that correlates significantly with tissue-level perfusion, correlates with MB. 16) It is known that a good result after late reperfusion depends not only on PTCA success but also on the microvascular integrity of the related regions. 17, 18) Several studies have confirmed the substantial benefit of collaterals in preserving microvascular perfusion limiting the extent of myocardial damage and accelerating functional recovery after myocardial infarction. 6, 19, 20) Petronio, et al 21) demonstrated that efficient microvascular collateral flow can maintain myocardial viability and enhance myocardial wall motion in left ventricular segments previ- ously perfused by the infarct-related artery. Chugh 22) also reported that the use of intracoronary pressure studies to assess collateral flow index could be a useful method for quantifying collaterals as a means of assessing viability or the potential for recovery of infarcted myocardium. Microvascular integrity after acute MI is considered a key determinant of myocardial viability and function. Using contrast echocardiography, the "no-reflow" phenomenon at the myocardial level has been shown in a group of patients who had angiographic evidence of epicardial reflow after thrombolysis. 10) This may be due to microvasculatory stasis, distal fibrin and debris embolization, platelet-mediated loss of capillary autoregulation, or a combination of these processes. It has been demonstrated by contrast echocardiography that the coronary microcirculation can be visualized through collateral circulation. 23, 24) During AMI, distal embolization of thrombus and plaque content to small vessels may also result in occlusion of collateral flow and the microvasculature in the infarcted area deprived of the protective effects of collateral vessels. In the present study, patients with reperfused IRA but a closed myocardium (MB grade 0 and 1) had worse collateral blood flow to the infarcted region. Lee, et al 25) reported that a faster corrected TIMI frame count in IRA after primary angioplasty was associated with higher CFIp. This finding implies that the degree of collateral vessel development is associated with microvascular perfusion. Our finding is also consistent with the above-mentioned studies in which corrected TIMI frame count was used as a marker of microvascular resistance.
From another point of view, although CFIp is hypothesized to increase with an increase collateral flow, the stiuation can be different in the infarcted heart and CFIp can be significantly influenced by the presence and severity of ischemic microvascular dysfunction. 26) Increases in distal resistance secondarily due to microvascular dysfunction in patients with TIMI III reflow is significantly lower than in those with TIMI 0-2. Our study population consisted of patients who had TIMI III reflow in the IRA. Yamamoto, et al 26) reported that in their selected patients with TIMI III reflow the relation between CFIp and left ventricular regional wall motion (indirect index of microvascular function) is weak. Accordingly, in our study population, increases in distal coronary pressure during balloon occlusion were most probably caused by an increase in collateral flow.
In this study we also confirmed that only a small portion of the patients (21%), in whom TIMI III flow was restored in IRA after thrombolysis, have normal myocardial perfusion after PCI as evidenced by a blush score of 3. Study limitations: Our findings were derived from a selected population of AMI patients who were treated with thrombolytic therapy and in whom TIMI III flow was restored in IRA. Therefore, our results can not be generalized to all patients receiving reperfusion therapy. Second, it has been shown that adenosine can cause a decrease in collateral flow as a consequence of coronary steal phenome-non in 10% of patients. Because steal represents reductions in flow and distal pressure, 27) coronary steal can cause underestimation of the collateral flow determined by intracoronary pressure measurement. Third, our study population is relatively small and therefore, a greater number of patients may be needed. Conclusion: Although microvascular integrity was not directly assessed in the present study, our data suggest that the presence of well-developed collaterals can limit microvascular damage by preserving microvascular perfusion. On the basis of our findings, we conclude that a higher pressure-derived collateral flow index is associated with better tissue level perfusion as evidenced by a higher myocardial blush score.
